In the article we are dealing with the influence of transverse reinforcement to the resistance of a cross-section of the reinforced concrete columns and also with the effective detailing of the column reinforcement. We are verifying the correctness of design guides for detailing of transverse reinforcement. We are also taking into account the diameter of stirrups and its influence over transverse deformation of column.
Detailing of reinforced columns
For the design of elements and structures it is not enough to verify performance of the ultimate limit states and serviceability, but it is necessary to perform the detailing of reinforcement as well. It should be noted that the performance of detailing ensures reliability in those areas, where the calculation is not verified directly. This is mostly in those cases of loads, where the calculation would be disproportioned difficult, due to the achieved results, respectively cases, where it is not yet enough theoretical input dates to calculate (e.g. for durability).
In most cases detailing gives results on the conservative side and it is because these requirements must cover the whole range of different input dates. The use of these dates with the next precision would be too difficult.
Detailing of longitudinal reinforcement
The detailing of longitudinal reinforcement in the reinforced columns according to STN EN 1992-1-1, also taking into consideration STN EN 1992-1-1 / NA is: min. diameter of reinforcement: φ s = 10 mm; min. amount of total longitudinal reinforcement: DOI: 10.2478/sspjce-2013-0017 A s,min = 0,10.N Ed /f yd , As,min ≥ 0,002. A c ; max. amount of reinforcement: A s,max ≤ 0,04 A c (in the lap area A s,max ≤ 0,08 A c ), where: N Ed is design value of compressive axial force and A c is area of concrete cross-section. The min. number of reinforcing bars: at least one bar in each corner and in a circular cross-section 4 (better 6).
Spacing of reinforcement bars must enable correct location and correct compaction of concrete, thus ensuring adequate bond of reinforcement and concrete. Horizontal and vertical clear distance between parallel reinforcement bars should be not smaller than the max. of values: 1,5 Ø max ; 20 mm; d g + 5 mm, where d g is max. diameter of aggregate and Ø max is max. diameter of reinforcement bar. In determining the min. spacing between reinforcing bars are therefore also take into account the size of the max. diameter of aggregate, which is necessary to indicate in the proposed concrete on design documentation.
Because of lapped longitudinal bars it is recommended minimum clear distance between bars of longitudinal reinforcement in columns 40mm. In the lap area the distance between the two lapped bars should be equal 0.
The values of the minimum distance between the longitudinal reinforcement of monolithic reinforced concrete columns should be unconditionally secure. By precast concrete elements and specific methods of compacting, such centrifugation, is assumption that we have not fully fulfill with those recommended values of min. spacing between the reinforcement [1].
Detailing of transverse reinforcement
Reinforced concrete columns are mainly subjected to relatively great axial forces and bending moments. The shear is usually very small. The main role of transverse reinforcement in reinforced concrete columns is not to transfer the shear stress as it is mainly in the beams, but it is prevention buckling of longitudinal bars and transfer of tensile stresses, that arise in the orthogonal direction to the direction of compressive force action in the column.
Transverse reinforcement needs to be anchored adequately if it is to function effectively. By failure of the columns it comes to the buckling of longitudinal bars (Fig. 1.) . The transverse reinforcement, placed in reinforced concrete columns is in the form of rectangular stirrups or in the form of spirals or circular stirrups. Detailing of column stirrups according to [3] 
The influence of transverse reinforcement to the resistance of a column
Transverse reinforcement with small diameter works as a tie member between opposite corners of the rectangular stirrup, because the bending stiffness of stirrup is very small and stirrups deviate to the outside before, as they should act against the transverse strain of concrete between corners. In this case it is protected against transverse strain of concrete only at the corners of the stirrup ( When the arch arises smaller (the distances between stirrups are smaller), then it is more effective protect against the transverse strain of concrete. The effectiveness of protection of concrete transverse strain of the rectangular shape stirrups can be rapidly increased by using additional stirrups ( Fig.3. a) .
The suitable spaced of longitudinal bars in the perimeter of cross-section also help to increase the column's resistance. The longitudinal bars resist of the strained concrete and the reactions from these bars are transferred to the transverse reinforcement. So the effectiveness of transverse reinforcement to the resistance of the column depends on the distances of arches, which arise between the longitudinal reinforcement and also between transverse reinforcement ( Fig. 3 . b, c) [2] .
The longitudinal reinforcement has usually sufficient bending stiffness between stirrups. However it resists transverse pressure and if the reinforcement is in larger distances from each other, bending stiffness is no sufficient. To effectively protect against the transverse strain, it is also necessary closely spaced the longitudinal bars.
Calculation model
To determine the size of the influence of the transverse and longitudinal reinforcement to the resistance of column cross-section, the effectiveness of the detailing of column reinforcement and the size of transverse strain of column, we used calculation in program ATENA 3D. The program is designed for non-linear analysis of structures and members based on the finite elements method.
Material characteristics, geometry and reinforcement of columns
We used in the models of columns concrete class C20/25 due to the relatively small modulus of elasticity and thus the better readability of the results -strain in the transverse direction.
For the longitudinal and transverse reinforcement was used reinforcing steel Bst500. All columns had length of 1800mm and the cross-sections are on the Fig. 4 .. These types of cross-sections were chosen in the order to observe the behavior of the stirrups depending on the distance of longitudinal bar from the corner of stirrup. In the case of column cross-section 300x300mm was the distance of longitudinal bar from the corner of stirrup shorter than 150mm. In the case of column cross-section 350x350mm, this distance was approximately 150mm and in the case of column cross-section 400x400mm this distance was longer than 150mm (Fig. 4. ).
Transverse reinforcement was modeled in all cases with equal distances "s", so the differences in the results should be cause only with the diameter of the stirrup. The distances of the transverse reinforcement in the head and in the foot of the column were smaller due to stress concentration in the head and in the foot of the column. The smaller distances were according to the results of models, those we analyzed before. In the head and in the foot of the column, steel plates of thickness 100mm were modeled (Fig. 5. ).
Monitoring of results and loading of a column
Results were monitored by five monitors. One monitor was placed in the head of the column on the spread plate. This monitor monitored column load and its progress at each step. The other monitors were marked with letters "A", "B", "C", "D" and they monitored the progress of transverse strain. Monitor "A" monitored transverse strain in the corner of the stirrup, monitor "B" in the middle of the stirrup, monitor "C" and "D" on the longitudinal bars (Fig.  5. ).
Column's cross-sections of series I. and II. Column's cross-sections of series III. and IV. All the columns were loaded by centric compression, respectively by centric force in order to eliminate transverse movements due to column buckling. Load was transmitted into the steel plate that ensures the spreading of the load into the column cross-section. Two of the four series were loaded by centric force that has risen during the calculation. Load-strain curves were generated. Such a load of columns allowed us to compare the columns of the same cross-section with different diameter of stirrup and thus to determine the influence of the stirrup to buckling of longitudinal bar. However we also would like to compare the efficiency of stirrup diameter at different distances of longitudinal bar from the corner of the stirrup so we had loaded the column in this way that the longitudinal and transverse stresses in cross-section were the same in all three types of cross-sections.
The other two series of columns were loaded by vertical displacement of the final value Δl = -10mm. This displacement increased in the process of calculation, what also ensured results in the form of load-strain curves. (Fig.7. and Fig.8.) .
The calculation was in both cases of the loading in progress with 100 following steps. The size of the diameter of stirrup (Ø6, Ø8 and Ø10) and using of additional stirrups were variable values in the compared columns. Overview of the types of modeled columns is in the Table 1 : I.
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Results from the analysis
Results are in Tables 2.-13 . From the tables placed side by side it is shown that the additional stirrups reduce transverse strain of column. 
Conclusion
The resistance of column was higher by using a stirrup of diameter Ø10, than the resistance by using a stirrup of diameter Ø8 resp. Ø6 and from what the larger stress results in the core of column cross-section and with that bigger transverse strain by maximum column resistance. At the same load of individual cross-sections by using stirrups of diameter Ø6 were observed larger transverse strains than by using stirrups of diameter Ø8 or Ø10.
Currently according to [3] , no bar within a compression zone should be further than 150 mm from a restrained bar. It is evident from the results, that the design of additional stirrups also depends on other parameters, as for example: diameter of stirrup, diameter of longitudinal reinforcement, quality of concrete, etc.
The results confirm expected behavior of stirrups in the column. They confirmed that the bending stiffness of transverse reinforcement influences on the transverse column strains and also buckling of the stirrup and the longitudinal reinforcement too. Even a stirrup diameter is supposed to determine both, in the case of a structural design of stirrups and about the use of an additional stirrup.
